DESCRI PTI ON GLASS COWVPCSI TI ON AND PROCESS FOR PRODUCI NG GLASS COWVPOSI TI ON
5 Technical Field The present invention relates to a gl ass
conposition and a process for producing a glass conposition, and
particularly to alum no-borosilicate glass conpositions. 10 Background Art
Al kali-free borosilicate glass conpositions have been used as the gl ass
conpositions for the substrate of juf i di spl ay devi ces,
particularly active-matrix |iquid @E@@%%I ay devices. A
representative 15 exanple of such alkali-free borosilicate glass is Code
7059 gl ass prEflu i f '

manuf acturing pr %?gg%ﬁgﬂgﬁ g%@%%@gﬁ(?%%g%@kgf%g&gcg%@ E}llél}v%%es

resi dual bubbles in the glass con$fdMPORITEOYeneral |y known as fining. A
met hod sof adding a fining agent to fine a glass nelt is comonly 20 known

as well. seni.c oxj de, antinony oxide, and fluorides are sone of the
known exa%‘g@lﬁ?l fWi‘?fi ning agent. In this connection, there is a soci al
need to reduce tThe grosmit vddtese rbiaabl xo%giarsngMc%'iéwntﬂﬁd 'h_e;?}%'c 58
conponent Sy, 1~For0 eéﬁgﬂ e,. JP 10 1998@251§2A |sgal Sses ? net hQd i'n_whi ch
sul fate and”dRPGPFHE arasy ﬁﬁ@&é’ﬁbtb | 3NG PFEHCHR RGP Glugdnadosesiticate s
for the pulpesesmpisitidiid.ng and fini ng. Specifically, this

publ i ggtion teaches adding, as fining agents, sulfate in the 503 anount of

0.005to 1.0 weight% and chloride in the Cl12 anbunt of 0.01 to 2.0
wei ght % TheckgneuindsAiton al so teaches preparing sulfate and chloride as

fining agents, i : | ] he sul fate, and
BaC12° cacnn. and e iiad, Bieolicdtd ibas ?‘%@?ﬁ&?mbhﬁﬁé%nﬁﬁ? Qlsefbas the
60( 1985) - 184489 2901pesitivass far gthe ssubstpats toforinfomation ndisday devssi ng

agent at |Rasicudafy GRARRPRRLriSCH§aIE Sy ATIADIIB dePRR93: Al £ !
and fgéorl des. .I_fg t}Be gl.fss fi.ni hg techni gue I scl osedﬁl In JP
10( 1998) - S5psaple ofsuchalkali-zee berpsificate glasmis Gaded0py shres prasareed byr aw
gl ass nat dformling ofhhe dhhioed $eateded is an alkali earth metal chloride such
as BaCl2, Cad 2.I the alkali-fre orosilicate glass conpo

e
commonly used for %‘?@Fﬂ}ggﬁeﬁﬁcﬁsﬁ%Bf@ﬁ)ﬁsyg‘i?l&?oﬁ‘it%sayﬁ PEOTISE tsllsat' o

hi ghly vi Qfemr?amsﬁ&md_ bubbleadm thﬂig’]gs@fc?ﬂms'gﬁﬁs $s @iﬁhfg'r@ﬂj; tendwi tdge[] ,
conmponent 11, CO ave char teristics that
Cherr mobilTHE", 2eubeHga B HadbE A B aBlle fORRC 3" BnaE A IS Ep RGN ng
due t 80t h&noaryascialge Arpenict oxider aasonony toxide; 4k fludiriddscard someasthi eve

d clari 1 t rqsil . cat I ition As
Sount er ﬁ;';‘;ﬁrkﬂ?"gﬁf?&‘gﬁ%}%%f iBe BORAS el IS SSRIEARL Plmeid o
pr obl em 0180%5 peefideredper e pmauntiaihese highly ieovironmeitad bt vefrendlyf t he
gl ass af t eomipt@catass Fop ags@pm egp &Wl@eé)i%*i@&rdﬁ&l%%@as% SE%hee:
e

and, dependi.ng on.the nt. of di ssolved sodium.iqns, the pertormance of
the Iiqui &%Fﬁéﬁ%fatﬁl@m&%’g&\? He FrlH%]itﬁ{é%ﬂua%ﬁ agddel terrags plass matanialsi s
Do ook 8203 10rs oAl B B e L o o 5 Lo 10% 810
0 ) , . 0 ) . 0 . 0 0 oIV,
and 0 to 1% BaC),.StI-)aﬁ%%3 ur't h SCBH%&nggngft%g D. @@%%:@@g #8816y eat er
t han 0% asulfate gn dhe 0 harountses WO0SWel ® Reightth, Aedshlaige selthet@d from
Li, Na, a } fal k ra f t.o 0.0Q7% 20 falls.in a
range of %g%éél}b@?&d-%%gol%goafe zl'laé\lfigﬁ’i nq‘gl%rg‘ﬁggcaotfmﬁ.ag%o ttSQ%.‘%&’/(Prﬁ?zlmpﬁ
mass% wheftlfate padiddoride msdiningsagrntapagdewing BafiOy, (0S5, 2t thet bke. | n
a secgmd '§§Qﬁ§tsu]f_amg,r£1_ldl %ﬁ@@,vcg% Aoy ﬂfeeﬁﬁe fa?rthBrc?ﬂi('t;ﬁ}iQQ a gl ass
conposi tion conpri si ng.. nme tlélgga l’gw% ass materral to obtain a glass
conposi tion, whéteanvhde gllasG0d98pEdilPdRAC displossssa ighasmawmpdEstion 65%
Si 02, 5 teod2¥aBiO3s a Hogh8sihB AN mMOd 1eQst OnoB:¥BGhedt LAY £853 Ag'zésf,) 10%
25 Sr0, aggz(g_&t&ﬁ%zggg, N%?ﬂ QQS fﬂlo%:? es(?orrposf%{Pon %turt her conpri ses

reater /
? In the glass fining technique disclosed in JP 10(1998)-25132A,
35 sulfate and chloride simultaneously are added to raw glass materials. The
chloride added is an alkali earth metal chloride such as BaCly, CaCls.
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than 0.06% R20, where Ris at |east one selected fromLi, Na, and K and
Li20 falls in a range of 0 to 0.07% Na20 falls in a range of 0 to 0.1%
and K20 falls in a range of 0.05 to 1.5% all in mass% and the Na20
content is no greater than the K20 content; and wherein a chloride is used
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batch of raw glass material that has been prepared to include chloride,
particularly alkali netal chloride and/or alkali earth netal chloride. In
this way, chlorine effectively can exhib®t its fining 35 effect in the
glass nelt. The chloride is preferably at |east one conpound
selected from for exanple, magnesium chloride, calciumchloride,
strontium chl oride, barium



chloride, lithiumchloride, sodiumchloride, and potassiumchloride, nore
preferably lithiumchloride, sodiumchloride, and potassiumchloride, and
even nore preferably potassiumchloride. The chloride also may be at | east
one conpound sel ected from magnesi um chl oride, calciumchloride, 5
strontium chl oride, and bariumchloride. The chloride content in a raw
glass material is desirably in a range of greater than 0%to no greater

t han 1. 5% Dpyctdsiralifyhe Ifetiod. 5% and nore preferably greater than 0.09%
to no greater t 1.5%. | i i f i i rBilindt its
fining effect i nh’fﬁ‘f‘léo rgfga%tsﬂlr?}e‘alq{ti%so&g%d% Flg%(r)é{:ehg% sferfnleéc%b 1‘5%2 fi r]Ei n
action by Spécficaly,i an ndjectenf thelipvensan istiHeProNIgat rEast COMPOSY é%‘gnt

i nvention . . A ANad h tipaid tal diplhoidevieg,
poi nt of cﬁ?%bﬁlegéfﬁggﬁtqﬁglgﬁa%l%iamﬁﬁcaﬁﬂ aé&%egilziglﬁldgrs{s al Thnlhe

near the

t enper gt ur whicin gentins fao few khles TCPEs 85%i F%@“‘feﬁaﬂ%’émfé of

gel Iti ng ofy kﬂ&aéﬁvﬁeﬁmﬂt?n?nuﬁfriéﬁalypraasemic ioRidint d 1. anii@briyapxade.
oiling point in a, range 1325C to 1360C, _an idi Qi nt
of 14130 etaUnObifEs o ThS0BEoNTE: 1 90 PROASuR BB Rl iy T TR

t enper at ur grddgRNObf asu@hagsoopagbtitomsof Ithis peesomtbenvaieston! thee
vapor pressures. of these,al kgl i | . 1 dOukiner ease
to 20 | eveleOSBRIGRIY §ga %%%SSB é?érg%%rk%fgg%}ﬁlgn%?ﬂaﬁ Equ% her of %re
possi blge ttiad gliss edmppsitives sindf aneindprgation) diselaso fesiger LeReothg glass

pr esent inv&r,\étirg the chlorine would bind to the alkali in the glass nelt

and genera%e an alkali netal chloride gas. The al kali r%}al chl ori deJc gas
forms bubbl es i nAtflesgtaerosision ofdheimesealsbyepionginslndgs sRAE AP WS

the gl ass pplfialiThess! (ﬁﬂﬁ@la% P dnthiemihbartrotitichbeghissfcapgpoaitiome gl ass
nelt and burst, wth_t

! result that the bubbles are. yenoy f
glass melt. It i §P%@ﬁ§ﬁﬁl§r%§i‘%ﬁ'?a?orf‘ﬁgs¢}% ?1"9005&%31%0 &%g)geg%#p%ngﬁlﬁgﬁ
proceefls dpgha@nd NinSnReHanCsty TWaBMDL,| & to ROCa RO ;CN 0i to Yo¥atls, Ottee C

content is t reater jn~30 t r S i 3lyot RRYDI uct
gl ass. V\heﬁ8§/%§£g(gvﬁ§ioaég%ng? ridgﬁoczc')ﬁr% gé.‘?z’ %ﬁ@icgyéqgrrﬁbunt ’o? n%rﬁr%ér}gl y
any C naycée@@ns grentehehpndioeys BiQssnd igrratestthen Glkand nearpakanen Kc1
i's a nonovalent,sal,t _angd. fore s j teR, ek e6td KT apidndi-0g i n
t he nol ten?glf@spsl.’ Wl%e\}\'%\r}g%sf Qg%%gggglﬁs%ngg%gg%%nﬁﬂ)ha? é}%’e&t er i;c;zrq ﬁazzj“ us
t han sodi ufalls irsamabie iof ¢ thD.PYnitael s Hea §2088 & ﬁitﬂgeq 4ngBd| Yense
struct%t?e ?ﬁatﬁél%ggl(ﬁ%stocp_rg@@siﬂ {Pddeas. has undergone vol ume shrinkage as
of C

a resu oolrrng fromthe npolten statge. .. This accounts fof..the
superior charact &si &Preeesss kcﬁa‘i%q prodiiptione g}l%l?@sicr?nﬁoeslt?}%?‘t_@he

9} ass at hbﬂ&%}&ﬂﬁg{@@@@r@ﬁ@gw irochss lf@lrbl@lreéi_lcltingeahfg]lajss degpeting.
effects, and that diss tion does_not. occur S by t

mobi lity i Hémﬁ?%?sglcg ﬁifqpo?fme?tmg Y gﬂ"i‘ers ,ﬁﬂ%'%lg\l/lg%o%tlzag@a Q?ﬁ gher
t enper at ur esmpeERRd Thé Bldw@omdrtionsonkGnsyaporassis 40noa’Qenpélabur e
range where the glass has | ow viscosity. Cenerally, this makes use of KCl
particul arly advant ageous for the fining of high-viscosity gl ass.
10Meanwhi l e, in a vacuum fining technique in which the glass nelt is
degassed under reduced pressure atnosphere, a fining vessel is used that
has a conpl ex structure for sealing or other purposes. In this case,
fining should be perfornmed preferably in a | ower tenperature range (1450C
to 1500C) than normal fining tenperatures (1600C or greater). In this 15
respect, the use of KCl is particularly advantageous for vacuum fining,
because KCl1 is nore weakly bound by charges than alkali earth netal 7
chloride and therefore noves nore freely in high-viscosity nolten gl ass.
Al kal i metal oxides such as Li20, Na20, and K20 di ssolve out of the gl ass
and adversely affect other nmenbers. For this reason, alkali nmetal 20

oxi des have been excluded fromthe glass conposition in applications as
the gl ass substrate for liquid crystal display devices. However, when the
al kali metal oxides are used in trace anmounts, the glass fining effect can
be i nproved whil e suppressing the influence of dissolution fromthe gl ass
at a level that would not cause any practical problem This is because the
25 al kali netal oxides |lower the viscosity of the glass and contribute to
facilitating deconposition of silica, which does not easily deconpose in
the raw glass material. It is preferable that the K20 content in the gl ass
conposition be adjusted to be at |east equal to the Na20 content, nore
preferably sufficiently greater than th&aNa20 content, or nore
specifically 30 at least two tinmes, nore preferably at |east three tines,
and even nore preferably at |east four tines the Na20 content. By thus
limting the content of Na20 that has a relatively large nobility rate in




MyO and CaO are optional conponents that |ower viscosity of the glass and
facilitate deconposition and fining of the glass. Wien the MgO 35 cont ent
and the CaO content exceed 10% and 20% respectively, the chem cal
durability of the glass deteriorates. Therefore, the MgO content shoul d be
0 to 10% and the CaO content should be 0 to 20% To inmprove the
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be no greater than 1. 5% 25The potassium as the constituting el enment of

| C20, and G may be supplied fromdifferent source materials. However, the
absolute fractions of these elenments ar® so small that they conpete with
other ions for the binding reaction, with the result that the binding of

t hese el enments may not proceed sufficiently. 300n the other hand, when the
source material of Kand C added to the raw glass material is potassium



(G her Conponents) A gl ass conposition of the present invention may
contain any of the foregoing glass conponents in the defined ranges, and,

essentially, preferably only the foregoing glass conponents are contai ned
in the defined 20 ranges. However, other conponents al so may be contai ned
for the purposes of controlling refractive index and tenperature viscosity
characteristics and. prev tln deV|tr|f|cat|on for exanple As_ such
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from the molten state.

This accounts for the superior characteristics of KCl that it can
freely move in the molten glass at high temperatures and enter the bubbles
to exhibit degassing effects, and that dissolution does not occur easily by the

5 limited mobility in the glass composition.
Further, KC1 vaporizes at higher temperatures compared with NaCl.
That is, KCl vaporizes in a temperature range where the glass has low
viscosity. Generally, this makes use of KCl particularly advantageous for
the fining of high-viscosity glass.

10 Meanwhile, in a vacuum fining technique in which the glass melt is
degassed under reduced pressure atmosphere, a fining vessel is used that
has a complex structure for sealing or other purposes. In this case, fining
should be performed preferably in a lower temperature range (1450°C to
1500°C) than normal fining temperatures (1600°C or greater). In this

15 respect, the use of KCl is particularly advantageous for vacuum fining,
because KCl is more weakly bound by charges than alkali earth metal
chloride and therefore moves more freely in high-viscosity molten glass.

Atkali metal oxides such as Li20, Naz20, and K20 dissolve out of the
glass and adversely affect other members. For this reason, alkali metal

20  oxides have been excludéed from the glass composition in applications as the
glass substrate for liquid crystal display devices. However, when the alkali
metal oxides are used in trace amounts, the glass fining effect can be
improved while suppressing the influence of dissolution from the glass at a
level that would not cause any practical problem. This is because the

25 alkali metal oxides lower the viscosity of the glass and contribute to
facilitating decomposition of silica, which does not easily decompose in the
raw glass material. It is preferable that the KO content in the glass
composition be adjusted to be at least equal to the Na20 content, more
preferably sufficiently greater than the Na2O content, or more specifically

30 at least two times, more preferably at least three times, and even more
preferably at least four times the NasO content. By thus limiting the
content of NazO that has a relatively large mobility rate in glass,
dissolution of alkali metal from the glass can be suppressed more effectively.
From the same reasoning, it is preferable to adjust the Li2O content to be

356  less than the NazO content, and more preferably less than half of the NaQ
content.

It is preferable that the glass composition contains two or more
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kinds of alkali metal oxides. With two or more kinds of alkali metal oxides
present in the glass composition, the mobility rate of the alkali metal ions
can be reduced more effectively by the combined alkaline effect. This
further reduces the dissclution of the alkali metals or alkali metal ions from
5 the glass composition, thereby enhancing the chemical durability of the

glass composition.
The following will describe each component of the glass composition.

(Si0s)
S10z is an essential component as a glass network former, and it has
10  the effect of enhancing chemical durability and heat resistance of the glass.
This effect cannot be obtained sufficiently when the SiOz content is less
than 40%. When the SiOz content exceeds 70%, the glass readily
undergoes devitrification. This makes it difficult to mold the glass, and the
increased viscosity makes it difficult to homogenize the glass. Therefore,
15  the SiOgz content should be 40 to 70%, preferably 58 to 70%, 57 to 65%, 60 to
: %, and 56 to 60%.

B20s is an essential component that lowers the viscosity of the glass
and facilitates decomposition and fining of the glass. This effect cannot be
20 obtained sufficiently when the B20s content is less than 5%. When the
B203 content exceeds 20%, acid resistance of the glass deteriorates and
vaporization occurs rapidly, which makes it difficult to homogenize the glass.
Therefore, B2Os content should be 5 to 20%, preferably 8 to 13%, and 5 to
12%.
25 (A1:03)

Al20O3 1s an essential component as a glass network former, and it
has the effect of enhancing chemical durability and heat resistance of the
glass. This effect cannot be obtained sufficiently when the Al2O3 content is
less than 5%. When the Al:O3 content exceeds 25%, viscosity of the glass

30 lowers and acid resistance deteriorates. Therefore, AlzO3 content should
be 10 to 25%, preferably 13 to 20%, 10 to 20%, and 10 to 18%.

(MgO, Ca0)

MgO and CaO are optional components that lower viscosity of the
glass and facilitate decomposition and fining of the glass. When the MgO

35 content and the CaO content exceed 10% and 20%, respectively, the
chemical durability of the glass deteriorates. Therefore, the MgO content
should be 0 to 10%, and the CaQ content should be 0 to 20%.
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To improve the fining effect by chloride, both MgQO and CaO
preferably should be contained in the amount of at least 1%. The MgO
content may be 5 to 10%. In order to prevent glass devitrification, the MgQ
content preferably should be no greater than 5% and the CaQ content

5  preferably should be no greater than 10%. For example, the MgO content
is more preferably 1 to 5%, and the CaO content is more preferably 1 to 10%.
Even more preferably, the CaO content is 1 to 6%, and the MgO content is
less than 5%.

(SrO, BaO)

10 SrO and BaO are optional components that lower viscosity of the
glass and facilitate decomposition and fining of the glass. When the SrO
content and the BaO content exceed 20% and 10%, respectively, the
chemical durability of the glass deteriorates. Further, because of large ion
radii, there are cases where SrO and BaO hinder mobility of potassium and

15 chloride ions in the glass, which makes it difficult to fine the glass.
Therefore, the SrO content should be 0 to 20%, preferably O to 4%, more
preferably 1 to 10%, and even more preferably 1 to 6%. The BaO content
should be 0 to 10%, more preferably 0 to 1%. The BaO content may be 3 to
10%.

20 (K20, Naz0)

K20 1s a component that lowers glass viscosity and facilitates fining
of the glass. K320 binds to the chiorine ions in the glass melt and vaporizes
in the form of potassium chloride at temperatures of 1500°C or greater.
This facilitates increasing the size of bubbles in the glass and causes the

25 bubbles to float to the surface. By this flow action, K20 also serves to
homogenize the glass melt. The K20 content may be 0%. However, the
K20 content preferably should be 0.05% or greater, more preferably 0.07%
or greater. Meanwhile, there are cases where KsO increases the thermal
expansion coefficient of the glass. In order to prevent a difference in the

30  thermal expansion coefficient from silicone materials, the K2Q content is
desirably no greater than 1.5%. That is, the K20 content may be 0.05 to
1.5%.

Unlike other alkali metal oxides such as Na20Q and LizO, K20 has a
small mobility rate in glass and does not easily dissolve out of the glass.

35 This allows the K20 to be contained in the glass substrate for information
display devices such as a liquid crystal display device. In order to suppress
dissolution of alkali metal oxides from the glass, the NasOQ content is
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desirably no greater than the K20 content, as described above. The Na20
content 1s 0 to 1.0%, preferably 0 to 0.5%, and more preferably 0 to 0.1%.
(Liz0)
Li20 is an optional component that lowers glass viscosity and
5 facilitates fining of the glass. As in the case of K30, Li2O vaporizes in the
form of lithium chloride and increases the size of bubbles in the glass and
causes the bubbles to float to the surface. At the same time, Li2O also
serves to homogenize the glass melt. By adding a trace amount of LisO (for
example, 0.015%), the volume resistivity of the glass composition can be

10  reduced. The Liz20 content is 0 to 0.5%, preferably no greater than 0.07%.
That is, the Li20 content may be 0.015 to 0.5%.

(%)

The Cl content may be in a range exceeding 0%. However, because
Cl is a component that can facilitate fining of the glass, the Cl content is

15 preferably 0.04% or greater, more preferably greater than 0.09%. The
mechanism of fining the glass by Cl is as given above.

Because Cl is volatile, the Cl content is often greater in the raw
glass material than in the product glass. For this reason, a raw glass
material batch should contain Cl in the amount of 0.05% or greater.

20 However, since Cl does not readily decompose into the glass, condensation
may occur in the glass being formed when the Cl content exceeds 1.5%.
This may lead to formation of bubbles containing chloride crystals, or may
encourage phase separation or devitrification of the glass. It is therefore
desirable that the Cl content be no greater than 1.5%.

25 The potassium as the constituting element of K30, and Cl may be
supplied from different source materials. However, the absolute fractions
of these elements are so small that they compete with other ions for the
binding reaction, with the result that the binding of these elements may not
proceed sufficiently.

30 On the other hand, when the source material of K and Cl added to
the raw glass material is potassium chloride (KC1), K and Cl can exist as
KCl from an early stage of melting. This is advantageous for the fining
because bubbles are formed rapidly when the glass temperature exceeds the
boiling point of KCl. It is therefore preferable that KCl be used as the

35  source material of K and CI.

(Combined Alkaline Effect)

The total content of alkali metal oxides (for example, the R20
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content representing the total content of Liz0O, Na20, and K20) is desirably
in a range of greater than 0.06% to no greater than 1.5%, preferably greater
than 0.07% and no greater than 1.5%. The R2O content may be in a range
exceeding 0.2%.

5 It should be noted however that LizO, Naz0, and K20 are all alkali
metal oxides and therefore the cations move more freely in the glass than
other metal cations.

Among these alkali metal oxides, KzO has the slowest mobility rate
in glass. By containing K20 in the glass composition with Li2O or NazO,

10 chemical durability of the glass composition can be improved, as described
above. |

Further, with more than one kind of alkali metal oxide used together,
a superior fining effect can be obtained as compared with adding only one
kind of alkali metal oxide. Such a superior fining effect will be even more

15  prominent when K20 and Li20 are used together.

(Other Components)

A glass composition of the present invention may contain any of the
foregoing glass components in the defined ranges, and, essentially,
preferably only the foregoing glass components are contained in the defined

20 ranges. However, other components also may be contained for the
purposes of controlling refractive index and temperature viscosity
characteristics and preventing devitrification, for example. As such
additional components, ZnO, SnOg, TiOgz, Y203, Las0s, Ta205, Nb2Os, GeOs,
or Gaz05 may be contained in the total amount of at most 3%. In certain

25 cases, addition of ZnO may not be preferable. Further, oxides of As or Sb
may be contained, as will be described later. Fe203 also may be contained
in a range of less than 0.5%. NiO may be contained in a range of less than
0.05%. CoO may be contained in a range of less than 0.01%. In certain
cases, Mo may be contained in a range of less than 0.02%.

30 The glass composition may be a composition that essentially
comprises the foregoing component groups (a group of components SiO: to
Cl individually described above, and a group of components ZnO to Mo
given in the foregoing paragraph). In this case, the glass composition does
not essentially include components other than these component groups.

35 As used herein, the language "does not essentially include" is
intended to encompass inclusion of a trace amount of impurity that is
inevitable in industrial manufacturing. Specifically, it is intended that a
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A method for forming a glass composition of the present invention is
not particularly limited. The downdraw process or fusion process may be
used.

A glass composition of the present invention can be used suitably as

5 aglass substrate 10 for large and thin information display devices such as a
liquid crystal display device and a plasma display panel, as shown in FIG. 1.
The glass substrate 10 may be used, for example, as a front panel 11 and a
back panel 12 of a liquid crystal display device 100, illustrated in FIG. 2 as
an example of an information display device. As shown in FIG. 2, the front
10  panel 11 and the back panel 12 provided for the liquid crystal display device
100 are disposed on the both sides of a liquid crystal layer 20 with a sealant
30 in between, together with other members such as transparent electrodes
40 and alignment films 50.
The following will describe an embodiment of the present invention
15 based on examples. It should be noted, however, that the present
invention is not limited by the following description.

(Examples 1 to 12, Comparative Examples 1 to 3)

In Examples 1 to 12 and Comparative Examples 1 to 3, confirmation
was made as to how the inclusion of small amounts of alkali metal oxide and

20  Cl would affect the fining effect.

Batches of raw glass materials (may be referred to as "batches"
hereinafter) shown in Table 1A and Table 1B were prepared. As common
raw glass materials, silica, boric anhydride, alumina, basic magnesium
carbonate, calcium carbonate, strontium carbonate, and barium carbonate

256 were used. As Cl sources, potassium chloride, calcium chloride, sodium
chloride, lithium chloride, and the like were used.

11
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Each batch was melted and fined in a platinum crucible. First, the
crucible was placed in an electric furnace that had been set at 1600°C, and
maintained therein for 16 hours to melt the batch. The crucible with the
glass melt was taken out of the furnace and allowed to cool and solidify at

5 room temperature. As a result, a glass body was obtained. The glass
body was taken out of the crucible and gradually cooled. The cooling was
performed according to the following procedure. The glass body was placed
in a separate electric furnace that had been set at 700°C, and maintained
therein for 30 minutes. The glass body was then allowed to cool to room

10 temperature by turning off the electric furnace. The resulting glass body
was used as a sample glass.

(Quantification of Glass Composition)

The sample glass was comminuted to quantify the glass composition
by fluorescent x-ray analysis using RIX3001 from Rigaku Corporation.

15 Note that, boron (B) was quantified by emission spectral analysis using
ICPS-1000IV of Shimadzu Corporation.

(Evaluation of Clarity)

The clarity of the glass body was evaluated through observation of
the sample glass with an optical microscope (40x) and by finding the

20 number of bubbles per 1 cm? of glass from thickness, view area, and the
number of bubbles observed. There are difficulties in evaluating the fining
effect in the absolute sense because it varies depending on the type of base
composition glass. As such, evaluation was made by comparing each
Example with Comparative Examples of similar compositions. Clarity

25  (bubble conditions) was denoted as "Excellent” when the relative ratio of the
bubble count observed in Examples was less than 0.5, "Good" when 0.5 or
greater and less than 1.0, and "Poor" when 1.0 or greater.

Specifically, the sample glasses of Examples 1 to 6 were compared
with the bubble conditions of Comparative Examples 1 and 2. The sample

30 glasses of Examples 7 to 12 were compared with the bubble conditions of
Comparative Example 3.

Since this method is based on simple decomposition using a crucible,
the bubble count is much greater than the numbers of bubbles actually
contained in a commercially produced glass body. Nevertheless, it is

35 known that the number of bubbles contained in the commercially produced
glass body will be small when the bubble count determined based on this
method i1s small. It 1s therefore possible to use this method for the

14
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measurement of clarity evaluation.
(Measurement of Thermal Expansion Coefficient and Glass
Transition Point)
By a common glass processing technique, the sample glass was
5 processed into a cylindrical glass piece (¢ = 5 mm, 15 mm in length). A
thermal expansion coefficient and a glass transition point were measured
by raising the temperature at a rate of 5°C/min, using a differential
dilatometer (Thermoflex TMA8140, Rigaku Corporation).
The sample glasses of Examples 1 to 12 had the compositions shown
10  in Table 2A and Table 2B. The number of residual bubbles in the sample
glasses of Examples 1 to 12 was considerably fewer than that in the
Comparative Examples. Further, the sample glasses of Examples 1 to 12
are free from arsenic oxide or other environmentally highly unfriendly
fining agents. Taken together, the present invention enables manufacture
15  of glass substrates that have very few defects due to bubbles or other
deficiencies, without using, or using a reduced amount of, arsenic oxide and
the like.

15
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and 3 have the conpositions shown in Table 2A and Tabl e 2B, respectively.
These gl ass bodi es were fornmed w thout using chlorides of alkali netals
and do not contain C and R20. The sanple glasses of Conparative Exanpl es
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The sample glass of Comparative Example 1 has the composition
shown in Table 2A. This glass body was fined using CaClz as the Cl source
and does not contain Rs0. The sample glass of Comparative Example 1
had large numbers of residual bubbles, which accounted for poor clarity.

5 The sample glasses of Comparative Examples 2 and 3 have the
compositions shown in Table 2A and Table 2B, respectively. These glass
bodies were formed without using chlorides of alkali metals and do not
contain CI and R20. The sample glasses of Comparative Examples 2 and 3
had considerably large numbers of residual bubbles, which accounted for

10  very poor clarity.

(Examples 13 to 21, Comparative Examples 4 to 6)

In Examples 13 to 21 and Comparative Examples 4 to 6, suitable
composition ranges of the glass composition were confirmed. At the same
time, the glass compositions were evaluated comprehensively by

15 considering various factors together, such as Glass transition point, thermal
expansion coefficient, and bubble conditions, taking into consideration
applications as a glass substrate for information display devices.

Batches shown in Table 3 were prepared using the same materials
used in Examples 1 to 12 and Comparative Examples 1 to 3.

18
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(Preparation and Analysis of Sample Glass)

Preparation of sample glasses, quantitative analysis of sample glass
compositions, clarity evaluation, and measurements of thermal expansion
coefficient and glass transition point were performed in the same manner as
i Examples 1 to 12 and Comparative Examples 1 to 3. Note, however,
that the evaluation of bubble conditions for the sample glasses of Examples
13 to 21 that had varying compositions over a wide range was performed by
comparing with Comparative Example 6, because the other Comparative
Examples did not have compositions close to the compositions of Examples
13 to 21.

(Measurement of Devitrification Temperature)

Measurement of devitrification temperature was performed as
follows. First, the sample glass was comminuted with a mortar. Then,
glass particles that passed a 2380 pm mesh sieve but did not pass a 1000 um
mesh sieve were collected from the comminuted sample glasses (glass
particles). The glass particles so collected were subjected to ultrasonic
washing in ethanol and dried to prepare a measurement sample. The
measurement sample (25 g) was placed on a platinum board (12 mm in
width, 200 mm in length) and put in a temperature gradient furnace where
the measurement sample was held for 2 hours. The glass was taken out of
the furnace and crystals that grew in the glass (devitrification) were
observed with an optical microscope. A maximum temperature at which
crystals were observed was given as a devitrification temperature.

20
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The sample glasses of Examples 13 to 21 and Comparative

Examples 4 to 6 had compositions shown in Table 4. As shown in Table 4,

the number of residual bubbles in the sample glasses of Examples 13 to 21
was considerably smaller than that in Comparative Example 6. The

5 sample glasses of Examples 13 to 21 did not contain arsenic oxide or other
highly environmentally unfriendly fining agents. The devitrification
temperature was 1027°C or less, for example, in the sample glasses of
Examples 13 to 20, and less than 900°C in the sample glasses of Examples

17 to 20. This gave an excellent mark for Examples 13 to 20 in the overall

10  evaluation.

In Comparative Examples 4 and 5, devitrification occurred during
the gradual cooling of the glass melt to room temperature in a crucible that
was taken out of the furnace in the preparation of the sample glass. As a
result, the resulting glass body was not homogenous.

15 As mentioned above, the sample glass of Comparative Example 6
had considerably large numbers of bubbles, which accounted for very poor
clarity.

(Examples 22 to 24, Comparative Example 7)

In Examples 22 to 24 and Comparative Example 7, it was confirmed

20  that the glass compositions may include small amounts of As205 or Sb2Qs.

Batches shown in Table 5 were prepared using the same materials
used in Examples 1 to 12 and Comparative Examples 1 to 3. Arsenic
pentoxide and antimony trioxide were used as the source materials of AssOj

and Sb203, respectively.
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(Preparation and Analysis of Sample Glass)

Preparation of sample glasses, quantitative analysis of sample glass
compositions, clarity evaluation, and measurements of thermal expansion
coefficient, glass transition point, and devitrification temperature were

5 performed in the same manner as in Examples 13 to 21 and Comparative
Examples 4 to 6. Bubble conditions of the sample glasses of Examples 22
to 24 were evaluated by comparing with Comparative Example 7.
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The sample glasses of Examples 22 to 24 and Comparative Example
7 had the compositions shown in Table 6. As shown in Table 6, the number
of residual bubbles in the sample glasses of Examples 22 to 24 was
considerably smaller than that in Comparative Example 7.

5 As mentioned above, the sample glass of Comparative Example 7
had considerably large numbers of residual bubbles, which accounted for
very poor clarity.

As the foregoing results show, the present invention readily enables

manufacture of glass substrates that have very few defects due to bubbles

10 or other deficiencies, without using, or using a reduced amount of, arsenic
oxide and the like.

Industrial Applicability
The present invention provides glass compositions that are
15 applicable to uses requiring chemical resistance, heat resistance, and a
small thermal expansion coefficient.
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CLAIMS

1. A glass composition which comprises, in mass%,

56 to 65% SiOs, '

5 to 12% B20s,

10 to 18% Al20s3,

0 to 5% MgO,

1 to 10% CaO,

1 to 10% SrO, and

0 to 1% BaO,

and further comprises greater than 0.06% Rz0, and greater than

0% and no greater than 1.5% Cl,

where R is at least one selected from L, Na, and K, and Li20 falls
in a range of 0 to 0.07%, NazO falls in a range of 0 to 0.1%, and K20 falls
in a range of 0.05 to 1.5%, all in mass%

wherein the NasO content is no greater than the K2O content.

2. The glass composition according to claim 1, wherein the Cl content
is in a range of greater than 0.09% to no greater than 1.5%, in mass%.

3. The glass composition according to claim 1, wherein the R0
content is in a range of greater than 0.07%, in mass%.

4, The glass composition according to claim 1, wherein the R20

content is in a range of greater than 0.06% to no greater than 1.5%, in
mass%. :
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5. The glass composition according to claiml, Whlch comprises 2 to-

5% MgO, and 3 to 10% SrO, both in mass%.

6. A process for producing a glass composition comprising’
melting a raw glass material to obtain a glass composition,

wherein the glass composition comprises, in mass%,
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Overall evaluation 0 O :140N (0COOCO PiCS E E C. 5 The
sanpl e gl asses of Exanples 13 to 21 and Conparative Exanples 4 to 6 had
conpositions shown in Table 4. As shown in Table 4, the nunber of residual
bubbl es in the sanple gl asses of Exanples 13 to 21 was consi derably
smal l er than that in Conparative Exanple 6. The 5 sanple gl asses of

Exanpl es 13 t o581todiade 2contain arseni ¢ oxide or other highly

envi ronment al | v tenf2% &lsy fining agents. The devitrification tenperature
was 1027C or | ggso 9% A@@4pl e, in the sanple gl asses of Exanples 13 to
20, and less thanp QG0N the sanple glasses of Exanples 17 to 20. This

gave an excel | eit /pﬂl@é@r Exanples 13 to 20 in the overall 10 eval uation.

I n Conparative %a% ’

gradual cooli n%{ A

was taken out top he nace in the Pre aration. of the sanple s. As a

result, the resmid the shisss compatinasHE e%&ﬁ%’é}?ﬁﬁsgreﬁ%gﬁ%ﬂa (?g €d above,

the sanplRx(ylwksrcoR iCanpeasit onesdrehrplco® hadNaord deaas 112 #"‘é Wumber s

of bubbl gsya ¥ 6D 85 0@ e as©falle iy apamige olf & fot . 1%; Q@dalging 24,

Conpar at i e EX2P08% b 189 AP @8ad;tn L thaihCoopateat iiv @okxeapire 7, it

was_conf i i gleoKtz a&onttgﬁl%;g%ﬁf%vlﬁé}ﬁﬂf)ﬁ' {H18R e MBYudedChs gpars 6Blthe apwunt s of
at c own

As205 or : . es s in Table 5 were prepared using the
same mat 7% Da4eEali n Exanples 1 to 12 and Conparative Exanples 1 to 3.
Arseni ¢ pentoxide and antinmony trioxide were used as.the sourge Rt erials
of As205 and SBR0Therpmsess ifos| groducingbie hasst CORPLAtH%Eh A ‘fcﬁn%f %Sanpl e
G ass) claim6, Riepamatherchiéridamentenfl af $he raygleps patR1RnE Bi% of
sanpl e gl39%cCIEResicithns, 0% tamot sreatal thatn A%, andnasdsur enent s of t her nal
expansion coefficient, glass transition point, and devitrification
tenperature werg %‘h@ef);o%reg‘s’dfo}npﬂ'ﬂ%ézgfé’% MARRE opositid aieb/Eng3td 0 21
and Conparatiye Exa .0 .G, i1 : g asses
of Exanpl @& ngxez"gpmiﬁ% %}}%nggg%gl ytegg(r)rcggrlﬂn‘grg\lnatg %1 ﬁéggr?przkfﬂgﬁ 3% Exanpl e
7. range of fh@5 @A’ W WEERE- of Exanpl es 22 to 24 and Conparative
Exanpl e 7 had the conpositions shown in Table 6. As shown in Table 6, the
nunber of resi dualThbupbbessifort peodsmime er glass eemrostiammEerdng: B0 24 was
consi der ahym8MWH@kirt kBB éHlatidencdoepandtiheerdxagioise mat@ial wentidned

above, t h%@%@ﬁeﬁf&%aﬁ&@%ﬁé bventbx 8hph 4. Sohadneee¥.der abl y | arge
nunbers of residual bubbles, which accounted for very poor clarity.

As the foregoing results sho th t . aventd fieadh b8 k&S
nmanuf act ure_of 'a‘i ,es’ﬁrgéz{s? \ty.r p[rﬁgﬁ&ﬁlgg g%argg ‘%bterg\& F’jllgﬁt %%ﬁqf%a?ubbl es
10 or ot helpimbs MR & ?_Wpﬁglﬁtlzﬁép %5 ﬁ%ﬁ Ry" & reduced anount  of
arseni ¢ oshldederdd/erealkaliccanthdnetaliclorads| i cability The present
i nvention provides glass conpositions that are 15 applicable to uses
requiring cheni il Thespaicase dor heatlucins st glise, caanpogitiopapfcordmande
expag}si 0N 160&fibI Gieein (HeALMBride iR Gleasawcgimesitdteniabhischotassipm ses, i n
mass% .

chloride. _

5, devitrification occurred during the
melt to roomtenperature in a crucible that

12. The process for producing a glass composition according‘ to
claim6, wherein the chloride in the raw glass material is at }east one k.md
of compound selected from magnesium chloride, calcium chloride,

strontium chloride, and barium chloride.
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56 to 65% Si 02, 5 to 12% B203, 10 to 18% Al 203, 0 to 5% MgO 1 to 10% CaO
1to 10%Sr0, and 0 to 1% BaGQ, and further conprises greater than
0. 06% R20, and greater than 0% and no greater than 1.5% d , where R
is at |l east one selected fromlLi, Na and K, and Li20 falls in a range of
0 to 0.07% Na20 faIIs inara t0.0.1% S |n a, range
of 0.05 to 1.5%3-4elass Sﬂ?&’§§%t€\%@¥ é‘ilf?rf"r?élq% &P &%%@ﬁ’[ceﬁ’swﬁ? %r 't han
the K20 cginsesubstrate Tmeisys af he slase sponssiter ot dpng Yo claim 1 wher ei n
the d content is in a range of greater than 0.09%to no greater than
1.5% in mass%i4 3An Therelasem dumesiddvice acaprdimg the glhsd substrateer ei n

t he R20 o"s] rnghan 0.07% in mass% 4. The

gl ass conpggﬁg%%%&g%g%égkﬁg&%g&%;%Tﬁ?%ﬁ]ﬁ%ereln the R20 content is in a
range of greater than 0.06%to no greater than 1.5% in mass% 5. The

gl ass conposition according to clainal, which conprises 2 to 5% MO, and 3
to 10% Sr0, both in nass% 6. A process for producing a glass conposition
conprising: nelting a raw glass material to obtain a gl ass conposition,
wherein the gl ass conposition conprises, in mss% 56 to 65%Si02, 5 to
12% B203, 10 to 18% Al 203, 0 to 5% MO, 1 to 10% CaO, 1 to 10% Sr0, and O
to 1% BaO, and the glass conposition further conprises greater than
0.06% R20, where 11 is at |east one selected fromLi, Na, and K, and Liz
falls in a range of 0 to 0.07% Na20 falls in a range of 0 to 0.1% and
1C20 falls in a range of 0.05%to 1.5% all in nmass% and the Na20 content
is no greater than the 1(20 content; and wherein a chloride is used as
part of the raw glass nmaterial. 7. The process for producing a

gl ass conposition according to clainb, wherein the chloride content of the
raw gl ass material is in-a range of greater than 0% to no greater than

1.5% in nmass% 8. The process for producing a glass conposition
according to clain7, wherein the chloride content of the raw gl ass
material is in a range of 0.05 to 1.5% in mass% 9. The process

for producing a glass conposition according to clainB, wherein the
chloride content of the raw glass material is in a range of greater than
0.09%to no greater than 1.5% in nass% 10. The process for
produci ng a gl ass conposition according to clainb, wherein the chloride in
the raw glass material is alkali nmetal chloride and/or alkali earth netal

chl ori de. 11. The process for producing a glass conposition
according to clainlO, wherein the chloride in the raw glass material is
pot assi um chl ori de. 12. The process for producing a gl ass

conposition according to clainb, wherein the chloride in the raw gl ass
material is at |east one kind of conpound sel ected from magnesi um
chloride, calciumchloride, strontiumchloride, and barium chl oride.

13. A glass substrate for information display devices, wherein the gl ass
substrate consists of the glass conposition of claim 1. 14. An

i nformation di splay device conprising the glass substrate for information
di spl ay devices of claim 13.
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